Anti-thyroglobulin antibodies are commonly identified in patients with differentiated follicular cell-derived thyroid cancer. When present, they interfere with the measurement of thyroglobulin (Tg), which is the primary biochemical marker used for disease surveillance, creating challenges in monitoring patients for residual or recurrent disease. Moreover, there is variability in measuring anti-Tg antibodies according to the different assays, such that not all patients with anti-Tg antibodies are identifiable on a single assay system. The persistence of anti-Tg antibodies, especially if levels are rising, may indicate persistent, recurrent, or progressive thyroid cancer. In contrast, declining anti-Tg antibody levels may indicate reduced tumor burden or the absence of disease. In this review, we will explore in a case-based manner the data supporting monitoring and treatment paradigms for patients with anti-Tg antibodies and will stress areas where more evidence is needed to better inform clinicians regarding the management of patients with this challenging situation. (J Clin Endocrinol Metab 98: 3104 -3110, 2013)
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Frequency and Measurement of Anti-Tg Antibodies
Thyroglobulin (Tg) is a critical biochemical marker used to monitor patients with well-differentiated forms of follicular cell-derived thyroid cancer (differentiated thyroid cancer [DTC] ). Tg measurement can be affected by the presence of anti-Tg antibodies causing inaccurate results, thereby limiting its usefulness in patients with circulating anti-Tg antibodies (1, 2) . The frequency of these antibodies in patients with DTC varies, but it is approximately 20 -25% depending on the assay used and the particular study population (3) (4) (5) . The prevalence of anti-Tg antibodies in patients with DTC therefore appears to be higher than the approximately 10% frequency reported in the general population (6) . The difference in antibody prevalence in DTC populations may in part be related to the use of different anti-Tg antibody assays or differences in the frequency of lymphocytic thyroiditis. Latrofa et al (7) reported that among the thyroid cancer patient samples, the prevalence of anti-Tg antibodies was higher in those with DTC and lymphocytic thyroiditis (29.2-50%) than in those with DTC alone (1.9 -6.7%), depending on the assays used. In a second study by this same group of investigators (8) , the discordant results between anti-Tg antibody assays were felt to be related to 1 or more of several factors, including the assay method (immunometric assay
[IMA] vs RIA), when individuals had lower levels of antibody, and differences in Tg epitope heterogeneity. The effects of anti-Tg antibodies on measured Tg levels vary according to the type of Tg assay. Anti-Tg antibodies tend to cause an underestimation of Tg when IMA is used, whereas they can cause either an under-or overestimation of RIA measurements (5) . Currently in the United States, most commercial laboratories use IMAs to measure Tg. Importantly, with this type of assay, undetectable Tg levels in the presence of anti-Tg antibodies may not correlate with the absence of disease.
Concordance of Positive Anti-Tg Antibodies Among Different Assays
As noted above, Latrofa et al (8) reported a variable correlation for anti-Tg antibody levels when the same samples were measured using 6 different assays (3 IMAs and 3 RIAs). The correlation was higher between assays using the same methodology and also in patients with lymphocytic thyroiditis (8) . This discordance also was reported by Spencer et al (9) , who noted that among 143 patients in whom positive anti-Tg antibodies were detected using a semi-automated RIA, only 35-62.2% were detected on 1 or more of 3 IMAs. In clinical practice, this variability presents a challenge when determining whether an individual patient has an accurate Tg measurement and also whether anti-Tg antibody levels are used as a biochemical marker of tumor progression or persistence. It is important to recognize that the lower limit of detection of anti-Tg antibodies is a possible partial cause of the discordance. Indeed, when the "cutoff" was lowered to the lowest limit of accurate assay detection, rather than the reference range for an individual assay (often used to identify patients with chronic lymphocytic thyroiditis), greater concordance was observed (10) . Thus, for patients with thyroid cancer, it is our approach to use the lower limit of detection, rather than the lower part of the normal range to define the presence of anti-Tg antibodies. This should also be determined by individual laboratories. As noted above, another potential cause of discordance is the heterogeneity of Tg epitopes to which the antibodies are directed and their recognition in the different anti-Tg antibody assays (8, 10) . For these reasons, when managing patients with proven or suspected DTC who have undetectable Tg and anti-Tg antibody results, it is reasonable to repeat the measurements using a different method to enhance confidence that undetected anti-Tg antibodies are not the cause of the discordance.
Alternative Methods of Detecting Tg Antibody Interference
If there is concern regarding inaccuracy of Tg measurement, recovery assays to detect interference in Tg measurement have been advocated. Indeed, a reduced recovery result often correlates with the presence of interference (11) . However, the routine use of recovery assays has been limited due to the relative insensitivity compared with measurement of anti-Tg antibodies (5). Nonetheless, recovery assays may have a role in selected situations. A second, less common type of antibody, heterophile antibodies against Tg, can also occur (12) . These are nonhuman antibodies that cross-react with Tg. In comparison with human anti-Tg antibodies, heterophile antibodies tend to elevate IMA results for Tg and do not typically cause positive anti-Tg antibody measurements (13) . Heterophile antibodies are suspected when results do not match clinical course or radiographic findings, such as when Tg levels are elevated in the absence of identifiable residual or recurrent thyroid tissue, when Tg levels are inexplicably variable despite stable TSH levels, and when there is no rise of Tg level with TSH stimulation. This type of interfering antibody can often be detected using proprietary antiheterophile antibody tubes, by performing recovery assays, or by performing serial dilutions of Tg samples if levels are high enough to be reliably measured.
Assays That Are Unaffected by Anti-Tg Antibody Interference
Peptide immunoaffinity enrichment in concert with liquid chromatography-tandem mass spectrometry has been used to measure Tg, and it appears not to be influenced by the presence of anti-Tg antibodies (14, 15) . At this time, this method appears to lack adequate sensitivity to detect low Tg levels in the ranges afforded by conventional Tg immunoassays. Nonetheless, this approach holds great promise in the future as more sensitive assays are developed. A second approach evaluated by several groups has been to detect thyroid or thyroid cancer-specific mRNA or DNA transcripts from circulating blood. A number of technical limitations to RNA isolation, stability, and detection; difficulty separating thyroid cell-mediated transcription from "illegitimate" transcription of mRNAs in nonthyroid cells; and evidence that protected mRNA transcripts circulate in peripheral blood from many tissues make this approach challenging for patients with small volume disease in whom the assay is most likely to be useful (16) . Other approaches, such as measuring circulating DNA methylation (17) and the detection of mutant BRAF in patients with BRAF mutation-positive PTC, have been reported (18) . These methods, as well as those reported for other solid tumors (eg, circulating tumor cell detection and exosome-derived microRNA detection) are incompletely studied in DTC, and their use is limited to research protocols at this time.
Management of Patients with DTC Who Are Anti-Tg Antibody Positive

Patients with anti-Tg antibodies at the time of diagnosis
Whether the presence of anti-Tg antibodies should influence a decision on administering I-131 after thyroidectomy is not well-studied. A potential advantage of I-131 treatment in these patients is the theoretical possibility that this treatment will eliminate thyroid tissue, the antigen source for anti-Tg antibodies, thereby leading to antibody disappearance. This has not been prospectively evaluated, and it is also not known whether it will improve the clinical outcomes. Overall, we believe that the current data do not support the hypothesis that the presence of anti-Tg antibodies alone should primarily drive the indication or approach to treatment with I-131, but rather that this should be considered along with other clinical and pathological data in the decision-making process. The presence of the antibodies leads to greater reliance on the pathology, postsurgical ultrasound, and diagnostic scan results (if performed) to inform therapeutic decisions.
Following patients with anti-Tg antibodies
In the setting of anti-Tg antibodies, there has been growing evidence that the antibody levels themselves may serve as a surrogate biochemical marker of disease persistence and response to therapy. However, the timing of testing and the duration to see a maximal response appear to differ from Tg levels in patients without anti-Tg antibodies. For example, there may be an initial transient rise in anti-Tg antibodies after radioactive iodine treatment (19) . Also, it has been shown that the eventual disappearance of Tg antibodies takes approximately 2-3 years on average (19 -21) . It is important to recognize that due to the variability between assay systems, monitoring levels requires the use of a consistent assay and preferably consistent laboratories performing the assays. In the published studies as well as in our clinical experience, some patients have very slowly dropping anti-Tg antibody levels that can take much longer than 3 years to resolve. The variability in the rate of disappearance of antibodies may reflect the heterogeneity in the population studied and may be influenced by factors such as the duration and height of anti-Tg antibody levels and potential differences in patients with underlying chronic lymphocytic thyroiditis vs those with tumor-associated lymphocytic infiltrates. Nonetheless, there is evidence that decrement in anti-Tg antibodies after I-131 therapy may predict rates of residual thyroid cancer. For example, Kim et al (22) reported that patients who were positive for anti-Tg antibodies that either became negative or had Ͼ 50% decline vs the pretreatment value over 6 -12 months after I-131 therapy had a lower recurrence rate than patients with lesser reductions or increased anti-Tg antibodies (22) . The expected change in anti-Tg antibodies after total thyroidectomy if radioactive iodine is not administered is less clear, particularly if residual normal thyroid tissue is present. However, in these patients, if anti-Tg antibodies remain positive, following the trend also may be helpful. It may also be important to identify the presence of residual nonmalignant thyroid tissue in patients with persistent stable anti-Tg antibodies by ultrasound to allow for follow-up.
There is no consensus on the extent of the workup that should be performed for patients with persistently elevated anti-Tg antibodies. One approach could be that if anti-Tg antibodies remain detectable without dropping or if levels are rising, this should prompt an evaluation similar to a patient with persistent or rising Tg in the absence of antibodies. However, the likelihood of finding thyroid cancer in this setting and the best methods for disease localization are not firmly established. It is our approach to modify the strategy applied to individual patients based on their overall risk of recurrent or persistent disease.
Several studies have addressed this question in relatively small groups of patients. Pacini et al (23) included 25 patients with undetectable serum Tg levels and positive anti-Tg antibodies in a study of the most sensitive methods to monitor patients with early-stage thyroid cancer. TSHstimulated Tg was performed along with diagnostic whole body scan (DxWBS) and neck ultrasound in this group of patients. Some also received I-131 treatment and had reported post-therapy whole body scan. In response to TSH stimulation, serum Tg changed from undetectable to detectable in 4 of 25 (16.0%) patients, whereas it remained undetectable in 21 of 25 patients. In the 4 patients whose Tg levels rose with stimulation, DxWBS was negative in all; however, in 1 of the 4, uptake was identified by posttherapy whole body scan, and in another patient disease was identified by neck ultrasound. In the 21 patients whose Tg did not change with stimulation, DxWBS identified disease in 3 patients, and neck ultrasound identified neck metastases in 2 patients (23) . Thus, in this group of thyroid cancer patients with positive anti-Tg antibodies, TSH stimulation of Tg did not predict the presence or absence of residual or recurrent thyroid cancer.
Rosario et al (24) also used stimulated Tg, ultrasound of the neck, or DxWBS in 136 patients with positive anti-Tg antibodies with undetectable Tg without stimulation to investigate for the presence of disease. All these patients underwent total thyroidectomy and received radioiodine. The presence of disease was defined by elevated Tg with stimulation, positive DxWBS, or positive disease on neck ultrasound. Using these criteria, disease was present in 17 of 136 patients (12.5%). Seven of these 17 patients who were proven to have disease by either ultrasound or Dx-WBS had undetectable Tg with TSH stimulation. However, neck ultrasound and DxWBS were negative in 7 patients in whom Tg increased with stimulation, and 2 of these were later found to have disease when chest CT and fluorodeoxyglucose (FDG) positron emission tomography (PET)/CT were done (24) . This may indicate that the frequency of disease could have been underestimated because those other imaging tests such as CT scan or PET scan were not universally performed if stimulated Tg was undetectable and neck ultrasound and DxWBS were negative for disease (24) . It also underscores the lack of a role for TSH stimulation of Tg in the setting of positive anti-Tg antibodies. Finally, Ozkan et al (25) recently evaluated FDG PET/CT in detecting recurrent thyroid cancer in patients with isolated detectable anti-Tg antibody level with negative serum Tg and whole body I-131 scan. Forty-eight patients were identified, and 17 with concomitant lymphocytic thyroiditis were excluded. Of the remaining 31 patients, FDG PET/CT was positive in 16, including 15 in neck lymph nodes and 1 on bone. The overall sensitivity and specificity for detecting recurrent disease were 75 and 76%, respectively. However, only a subset of patients also had other imaging, and those with lymphocytic thyroiditis were excluded; therefore, it is difficult to draw a firm conclusion on the role of PET/CT in this population compared with routine imaging at this time (25) .
In general, these studies suggest that neck ultrasound, perhaps in combination with other imaging based on risk of metastatic disease determined by risk features of individual patients, should be performed in an effort to identify disease in patients with persistent or rising anti-Tg antibodies. However; it remains uncertain whether the degree of elevation of anti-Tg antibodies or the degree of change in levels correlates with radiographic disease, and further studies to better inform appropriate diagnostic testing in this area are needed. If suspicious lesions are detected on imaging, fine-needle aspiration for cytology can be performed if indicated, and Tg can be measured on fine-needle aspiration samples. Although it is not certain whether anti-Tg antibodies can alter Tg levels in nodes, the data support its usefulness as a diagnostic test in this population (26 -28).
Clinical Approach to DTC Patients With Anti-Tg Antibodies
The example case in this manuscript represents only 1 of several patterns of Tg antibodies that are seen in clinical practice. Our approach is based on the pattern of change in anti-Tg antibody levels or correlation with clinical or radiographic findings tailored to the clinical-pathological risk of an individual patient. It is important to recognize that anti-Tg antibody levels can fluctuate; thus, clear identification of a trend requires repeat lab tests over time. The common situations we encounter and the approach to imaging are described below and in Figure 1 .
Patients with declining anti-Tg antibodies
As exemplified in the case report, we typically perform active surveillance (ie, TSH suppression based on the initial tumor stage and periodic imaging) when anti-Tg antibodies are declining. For patients with low-risk PTC, periodic neck ultrasound seems most appropriate for imaging. In patients with low-risk FTC without metastatic disease on post-therapy whole body scan if treated with I-131, neck ultrasound still may be useful to monitor presumed residual normal thyroid tissue depending on the comfort level and experience of the ultrasound operator. We typically limit the use of DxWBS and/or chest CT to patients with declining antibodies for targeted imaging of known metastases on prior imaging.
Patients with rising anti-Tg antibodies or those who become positive for anti-Tg antibodies after being negative
These patients are more concerning for progressive or recurrent thyroid cancer, and a more aggressive approach to imaging is generally performed. In our practice, the approach is similar to that of patients with elevated Tg levels, which usually include neck ultrasound, CT scans, DxWBS, or PET/CT scans depending on the stage of the tumor, prior imaging, the presence of poorly differentiated features, or other features. In general, we do not perform empiric I-131 therapy if imaging tests are unrevealing, other than in highly selected high-risk situations.
Patients whose anti-Tg antibody levels have reached a plateau after declining
When anti-Tg antibodies stop declining, it is unclear whether this correlates with a residual benign thyroid tis- sue or thyroid cancer or whether it is related to the immune response. Depending on the clinical scenario, these patients should be evaluated as for patient group 1 or 2 above. It is important also to monitor stable anti-Tg antibodies over an extended period of time to be confident the level is not changing.
4.
Patients who are considered biochemically free of disease because of undetectable Tg levels in the absence of anti-Tg antibodies but who have suspicious or proven disease on imaging
In this situation, there are several possibilities: inaccurate Tg because of failure to detect anti-Tg antibodies that are interfering; a tumor secreting Tg that is not measured by the assay; or a tumor that does not express or secrete Tg. In such cases, it may be helpful to immunostain the tumor for Tg. In cases of DTC or a confirmed Tg-expressing tumor, the primary option is to run the same sample on different assays, optimally including 1 that uses a different method. If thyroid cancer is confirmed and the Tg is undetectable with both a low and high TSH, Tg levels will be insensitive for monitoring that particular patient.
Patients who have no evidence of disease clinically or radiographically but have erratic Tg levels that do not rise with TSH stimulation
This situation raises suspicion for the presence of heterophile antibodies against Tg. These can be directly measured or assessed using serial dilutions of the Tg samples.
Patients who have negative anti-Tg antibodies on 1 assay but then are positive by a different assay
In this scenario, it is important to confirm the results of both assays by repeating the test. Then one can consider a recovery study to prove whether anti-Tg antibodies are truly present and whether they are interfering. However, when it is not clear whether anti-Tg antibodies are truly positive, the general approach would be similar to other patients with positive anti-Tg antibodies in whom there is greater reliance on imaging testing.
Areas Where Further Information Is Needed to Optimize Clinical Management
1. Improving the accuracy of antibody assays and developing more standardized systems to allow for comparison of results.
2. Determining a reference range for anti-Tg antibodies that would be accurately measurable and would correlate clinically with the presence or absence of disease in patients with thyroid cancer.
3. Clarifying whether the presence of anti-Tg antibodies at diagnosis should influence decisions regarding treating patients with I-131 after surgery.
4. Identifying appropriate cutoff levels or cutoff times of antibody disappearance that would correlate with the likelihood of detecting disease so imaging intensity can be individualized.
5. Determining whether antibody persistence or levels convey different risks of cancer persistence or progression in patients with chronic lymphocytic thyroiditis vs those with tumor-associated lymphocytic infiltrates.
6. Clarifying the sensitivity and specificity of imaging paradigms for patients with persistent or rising anti-Tg antibody levels.
7. Developing sensitive biomarkers of thyroid cancer that are not altered by circulating anti-Tg antibody levels.
Summary
Patients with elevated anti-Tg antibodies should initially be treated in a way similar to other thyroid cancer patients based on clinical and pathological characteristics. If radioactive iodine therapy is indicated based on pathology staging and other characteristics, it may take up to a few years before the anti-Tg antibodies become undetectable. For patients with low-risk DTC who are not treated with I-131, the levels should be monitored, and imaging can be performed based on the pattern of antibody level change. It is important whenever possible to employ a consistent anti-Tg antibody assay over time to enable comparison of results. It is also important for clinicians to consider that anti-Tg antibodies may not be detected by 1 assay in situations where there is a mismatch between clinical findings of disease and undetectable Tg and anti-Tg antibodies. Rising levels of anti-Tg antibodies may be a harbinger of cancer progression and warrant further assessment. Dropping levels may be associated with reduced tumor burden, and persistent stable levels may warrant imaging, depending on the clinical situation. The best imaging approach is uncertain, and more data are needed in this area. If recurrent or residual disease is localized, then treatment or active surveillance should be employed as for other patients with thyroid cancer.
Back to the Patient
Although it is not possible to definitively state that our patient is in a complete biochemical remission, it is reassuring that the anti-Tg antibody level is declining and there is no obvious residual thyroid cancer on imaging 10 years from her diagnosis. We will continue to perform periodic neck ultra- 
